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| NTRODUCTI ON

Sensitive electronic equi pnent such as conputers and

t el ecommuni cati ons equi pnent, audi o/ vi deo equi pnent, electronic
bal | asts and vari abl e speed drives, can be damaged by transient
overvoltages on the electrical power system These transients
are generally caused by switching of electrical power circuits or
by lightning. Since the occurrence of damagi ng transient
overvoltages is unpredictable, disconnection fromthe electrical
supply in order to avoid damage is not al ways possible.
Therefore, critical and expensive el ectronic equi pnent nust be
protected fromtransient overvoltages with transient voltage
surge suppressors (TVSS).

There are three standards which, when used properly, can be used
to select a TVSS unit: |EEE C62.41-1991', NEMA LSi-1992% and UL
1449°. | EEE C62. 41 provi des gui dance on the transient
environment; UL 1449 addresses safety issues; and NEVA LS1
recommends, in general ternms, TVSS specifications. Although UL
1449 includes performance tests, it is primarily a safety
standard. It is not appropriate, therefore, to qualify a TVSS
unit based solely on the UL 1449 |isting information. TVSS

sel ection should al so consider additional performance and rating
i nformation provided by an i ndependent source or the
manuf act ur er.

Thi s paper addresses TVSS units for |ow voltage ac power systens
(600 Volts and less) located within the United States. This
covers nost facility installations fromthe service entrance to
t he end-user (120 Volt outlet). The follow ng special cases are
not included in this guide:

hospi tal and hazardous material storage;
surge suppression of tel ephone and data |ines;
EM/RFI filters (oftentines included with TVSS units);
El ectrical disturbances caused be Hi gh-Altitude
El ect roMagneti c Pul se (HEMP).

DEFI NI TI ONS



Sone confusion is associated with the use of the terns arrester,
prot ector, suppressor, inpulse, surge and transient. A brief
expl anation of these terns, as used in this paper, wll be given.

From an el ectrical power perspective inpulses are short duration
events where the voltage (or current) increases above (in an
absol ute val ue sense) its nomnal value for a fraction of a
cycle, whereas surges are |longer duration events. Transients,
therefore, are high voltage and/or current inpul se events.
However, since surge has becone the common termfor what is
actually an inpul se event, the termsurge will be used in this
docunment when referring to transient handling devices.

I n this paper surge suppression component oOr surge suppressor
wi |l be used when referring to an individual surge limting

conponent, or surge arrester, such as a MOV or diode; Asurge

protector(@ or Atransient voltage surge suppressor@ will be used
when referring to a surge limting unit, which will generally be
conposed of a nunmber of surge arresters.

Line-to-line will be abbreviated as L-L, line-to-neutral as L-N,
line-to-ground as L-G and neutral -to-ground as NG

TVSS TECHNOLOG ES
SURCGE SUPPRESSI ON COVPONENTS

There are three main surge suppressor technol ogi es used in
transi ent voltage surge suppressors: gas tube, varistor, and
sem conductor. A fourth technol ogy, reactance, by itself
provides limted inpul se suppression, however it plays a |large
role in inplementing suppression technol ogi es. Suppression
technologies rely on nonlinearities in the suppressor voltage-
current (V-1) behavior to conduct current only after a threshold
vol tage is reached. Reactance devices rely on inductance and
capacitance to store or divert electrical energy.

Perf ormance Characteri stics

Because the basi c physics of each surge suppressor technology is
different, a one-to-one conparison of these devices is not

possi ble. However, there is sone simlarity in performance
characteristics. The nobst inportant neasured perfornance
characteristics for these technologies are listed in Table | and
are grouped by simlarities. Table 1 does not list all the

devi ce performance characteristics, just the nost rel evant ones.

TABLE 1. PERFORVMANCE CHARACTERI STI CS OF SURGE SUPPRESSOR
TECHNOLOG ES.



Gas Tubes Vari stors Sem conduct or
Devi ces
DC Br eakdown Rat ed DC Vol t age Rated Stand-Of

Vol t age

Rat ed RVS Vol t age

Vol t age
Rat ed Wor ki ng RVS
Vol t age

| mpul se Br eakdown
Vol t age

Cl anpi ng Vol t age

Cl anmpi ng Vol t age

Maxi mum Si ngl e

Rat ed Peak Single

Rat ed Peak Single

Pul se Transi ent
Current

| mpul se Di schar ge
Current

Surge Transi ent
Current

Rat ed Peak I npul se
Current

DC St andby Current St and- By Current

Li feti ne Rated Pul se
Currents

Li feti ne Rated Pul se
Currents

| mpul se Life

The nost significant characteristics for ac power applications
are rated rns vol tage, clanping voltage, and peak single pulse
current.

The rated rns voltage of the suppressor is the naxi mum conti nuous
si nusoi dal rnms vol tage which may be applied over the standard
operating tenperature range w thout causing the suppressor to
fail. Gas tubes and varistors are bi-directional (i.e. they
have a symmetrical V-1 curve) while sem conductor devices can be
either uni- or bi-directional. The rns voltage rating applies
only to bi-directional devices. The gas tube does not have a
rated rns voltage, however it does have a rated dc breakdown

vol tage. Since for a sinusoidal function O, the rated rns
vol tage of the gas tube can be estimated. (The breakdown voltage
is the point where the suppressor first begins to conduct. The
gas tube is not fully conducting at this point, it is in the glow
nmode. To enter the arc node, where the voltage across the tube
is typically 20 Volts, the suppressor nust begin conducting about
5 Anps. The dc breakdown voltage of the gas tube is neasured
with a waveform having a rate-of-rise |less than 1000 V/s).

The cl anping voltage for varistors and sem conductor devices is
t he peak vol tage neasured across the suppressor while conducting
a specified peak pulse current. A simlar condition for gas
tubes is the inmpul se breakdown voltage. Because the breakdown
vol tage of a gas suppressor increases as the applied voltage
rate-of -rise increases, a separate performnce neasurenent is

made for fast rate-of-rise inpulses (rate-of-rise 100 V/ s to 10
kV/I s).



The rated peak single pulse current is the maxi num val ue of peak
i mpul se current which may be applied for a single inpulse wthout
causi ng device failure.

Reconmmended waveforns for conducting the above perfornmance

ratings are the 8/20 s and the 10/1000 s waveshapes.' Caution
shoul d be used when conparing ratings taken using different
waveforms. Although the rise tinmes of these waveforns are
simlar, for a given peak current the |onger duration of the

10/1000 s waveshape will deliver nore energy into the device.
This will affect the rated peak single pulse current test, since
di ssipation of too nuch energy within the device |leads to

failure. The 10/1000 s waveshape is a harder test.
Gas Tubes

These devices are small seal ed spark gaps containing rare gases
(e.g. argon and neon). Wen the voltage rises past the
suppressor breakdown vol tage, a gas breakdown is initiated.
Unfortunately this can take a little time to start and then
develop into a |l ow i npedance. As a consequence, fast rising
pulses will initiate breakdown at a hi gher voltage than nore
slowy rising pulses. The delays in breakdown nean that sone
part of a surge can pass this type of suppressor. Once the gap
has broken down the gas di scharge goes into either a gl ow node (I
< 5 Anps) or at higher currents an arc node. |In the arc node the
cl anping voltage is about 20 Volts whereas in the glow node it is
70 - 150 Volts. This characteristic can present problens in ac
power applications because the supply can provi de enough current
to keep the spark gap conducting. Protection |evels can vary
from75 to 10,000 Volts. Gas suppressors have the highest surge
handl i ng capability (I > 20,000 Anps) with response tinmes down to
1 ns.

Varistors

Al t hough netal oxide varistors (M) are oftentines thought of as
sem conductors, they are actually non-linear resistive devices
made of sintered bl ocks of zinc oxide or |ead oxide usually m xed
with some other netallic oxides. Since the MWV is basically a
resi stive device the clanping voltage is current dependent. The
| arger the current the greater the clanping voltage. For

exanpl e, the clanping voltage of an 18 Volt, 3 Joule MOV can vary
fromthe rated breakdown voltage of 18 Volts (at 1mA) to 31 Volts
at 1 Anp to 48 Volts at 80 Anps. MOVs are available in a w de
range of operating values from 10 Volts at 100 Anps to 4, 700
Volts at 70,000 Anps. MVs have a | arge capacitance (100-4000 pF
depending on rating) and a response tine less than 30 ns. Unlike
gas tubes, MOVs have a small |eakage current. Normally this

! These waveshapes approximate double exponential waveforms with rise times of 8 and 10 ns, respectively, and
pulse durations of 20 and 1000 ns, respectively. See IEEE C62.41 for exact definitions.



current is less than 0.1 mA but rises as the MOV deteriorates.
MOVs of simlar voltage rating can be conbi ned (stacked) in
either parallel or series. Stacking increases peak current-
handl i ng capability and peak energy di ssipation.

Anot her type of varistor is the silicon carbide varistor. Its V-
| characteristic is such that it does not have a tight clanping
voltage. For practical |ow voltage use it nust be conbined in
series wwth a gas tube, which may result in a relatively |large

| et through voltage. This nakes silicon carbide suppressors
unsui tabl e as the sole device for protecting el ectronic systens.

Sem conduct or Devi ces

The original sem conductor type of surge suppressor is the

aval anche di ode. These devices have an accurately defined
breakdown vol tage and operate as a voltage clanp at that voltage.
They are limted to voltage protection | evels between 2 and 400
Volts and pul sed currents between 1000 and 20 Anps for the
respecti ve vol tage val ues. Aval anche di odes have fast sw tching
speeds and | arge capacitance (500-2000 pF).

Sem conduct or devi ces have been devel oped specifically for surge
suppression. One line of surge suppressors is fabricated using a
| arge junction area, which is a basic requirenment for a surge
suppressor, and can handle up to 3000 Anps for small pul ses.

Anot her type consists of an SCR-type thyristor whose gate region
contains a special diffused section that acts as an aval anche

di ode. The conbination of the fast response tine of the

aval anche di ode and the high current handling capability of the
thyristor yield a surge suppressor.

In vol tage cl anpi ng applications sem conductor devices are
operated in the reverse bias direction and are therefore uni-
directional. They are configured as bi-directional (two devices
in series, of opposing polarities, in one package) for transient
applications. Sem conductor devices can be connected in series
or parallel to increase power dissipation.

Sem conductor devices are typically rated in peak pul se power
di ssi pati on, 0, where 0 is the Peak Pul se Power, 0 is

t he Maxi num C anpi ng Vol t age, and 0 is the Peak Pul se
Current. Since device breakdown is energy dependent, as pul se
w dt h decreases, peak pul se power handling increases. For

exanple, a device with 01500 Watts for a 10/1000 s pul se has
013,000 watts for a 8/ 20 s pul se.

TVSS STANDARDS



There are several industry standards concerning surge arresters
and surge suppressors. The |argest collection of surge
protection standards is published by the EEE. The | EEE C62
series contains 21 standards related to surge protection. O her
organi zations with TVSS standards are NEMA and UL. The three
nmost inportant standards related to surge suppressor selection
wi |l be described in this section.

| EEE C62. 41-1991

| EEE C62.41-1991 Al EEE Recommended Practice on Surge Voltages in

Low Vol tage AC Power Circuits@ presents several waveforns which
characterize inpulses on power circuits. The devel opnment of

t hese representati ve waveforns was based on a conbi nati on of data
from publ i shed surveys, anecdotes, and observed failure rates.
Characteristics used to devel op these waveforns were anplitude,
rate of occurrence, surge duration, ringing frequency, rate of
vol t age change, energy delivery capability, and the effects of

| oadi ng conditions. Five waveforns are presented, two are
recommended as standard test waveforns and three are recommended
for additional tests. The standard inpulse conditions are
represented by two voltage-current waveforns with anplitude and
avai | abl e energy dependent upon the pertinent |ocation within the
power system or distance fromthe surge source.

Locations are divided into three categories. FEach category is
t hen subdi vi ded by exposure level. The |ocations are:

Category A: Long branch circuits, receptacles (indoor).
Category B: Major feeders, short branch circuits, service
panel (i ndoor).

Category C. Qutdoor overhead |ines, service entrance.

Figure 1 graphically illustrates these divisions.
The three exposure |levels are:

Low Exposure: Systens in geographical areas known for | ow
l[ightning activity and with little | oad-swtching activity.
Medi um Exposure: Systens in geographical areas known for
mediumto high lightning activity, or with significant
switching transients, or both.

H gh Exposure: Those rare installations that have greater
surge exposure than those defined by Low Exposure and Medi um
Exposur e.
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FIGURE 1. | LLUSTRATI ON OF SURGE LOCATI ON DI VI SI ON BY CATEGORY
(from | EEE C62.41-1991, reprinted with perm ssion).

The recommended standard waveforns are the 100 kHz Ri ng Wave? and

the 1.2/50 s-8/20 s Conbination Wave®. Peak voltages and
currents for these waveforns are given in this standard for each
category and exposure | evel.

UL 1449

> This waveshape approximates an exponentially decaying sine wave with afast rise time.
® The Combination Wave is generated using a generator calibrated to have an open circuit voltage waveform of
1.2/50 sand ashort circuit current waveform of 8/20 s.



UL 1449 ATransi ent Voltage Surge Suppressors@ is currently the
only standard in the United States to address perfornmance of
TVSSs. Although this standard addresses nmainly the safety
aspects of TVSSs, it does contain sone performance
specifications: neasured limting voltage and surge current.
The wavef orns and waveform paraneters used for these tests are
based on | EEE C62. 41-1991.

UL 1449 divides TVSS units into three types:

Cord-connected - Any TVSS provided with a power-supply cord
termnating in an attachnment plug for connection of the device
to a receptacle in the AC power circuit.

Direct plug-in - Any TVSS incorporating integral blades for
direct insertion into a standard wall receptacle.

Per manent|ly connected - Any TVSS provided with termnals or

| eads for field connection to wiring systens in accordance
with the National Electrical Code, ANSI/NFPA-70. This

i ncl udes receptacle type TVSS intended for installation in
out | et boxes.

The peak voltages and currents used in the surge tests are
smal l er for the cord-connected and direct plug-in types than for
t he permanently connected type.

The neasured limting voltage test is perfornmed on three
previously untested units which are representative of the
manuf acturers specifications. Each of the units is subjected to

i mpul se surges using the conbination 1.2/50 s, 8/ 20 s

vol tage/ current waveformw th 0 and 0. Al nodes of
protection for which the unit is rated are tested (e.g. L-L, L-N,
NG L-G.

Following the limting voltage test the units are subjected to
i mpul se surges using the conbination 1.2/50 s, 8/ 20 s

vol tage/ current waveformw th 0. Permanently connected units
have an O while the cord-connected and direct plug-in units
use a | ower val ue of 0. This is the duty cycle test.

After the duty cycle test, the units are again subjected to the
measurenent of limting voltage. The resulting measured limting
vol tage nmust not deviate nore than 10% fromthe original val ues
and nust not exceed the marked suppressed voltage rating by nore
t han 10%

The average of the neasured limting voltages, new and after the
duty cycle test, nust not exceed the manufacturers marked
suppressed voltage rating. The suppressed voltage rating is
assi gned based on the neasurenments of limting voltage. For
limting voltages | ess than 330 Volts, the suppressed voltage



rating is 330 Volts. For limting voltages between 330 and 1000,
t he suppressed voltage rating is assigned by rounding up to the
near est 100.

Three previously untested units are used for the surge current
test. Each one is subjected to two inpul ses of the conbination

1.2/50 s, 8/ 20 s voltage/current waveform Permanently

connected units use 0 and 0, nearly equivalent to
category C3 of |EEE C62.41, the worst environnment specified in
that standard, while cord-connected and direct plug-in units use

the I ower |evels of 0 and 0, equivalent to category B3 of
| EEE C62.41, the worst environnent for the facility interior
environment. All nodes of protection for which the unit is rated
are tested (e.g. L-L, L-N, NG L-G.

NEMVA LS1-1992

NEMA LS1-1992 ALow Vol tage Surge Protective Devicesl was

devel oped by the National Electrical Manufacturers Association to
serve primarily as a guide for manufacturers and others
associated wth the | ow voltage surge protective device conmunity
to devel op uniformspecifications, in terns of valid,
under st andabl e physi cal paraneters. Specification paraneters,
their definitions and test and eval uati on procedures are given in
t he body of this standard.

TVSS SELECTI ON GUI DANCE

| EEE C62.41 and UL 1449 forma basis for selecting TVSS units.

| EEE C62.41 provides guidance, in the formof standard test
waveforms, for evaluating the electrical performance of TVSS
units. These waveforns are based on actual and anecdotal data of
surge occurrences in facility ac power systens. TVSS electrical
per formance eval uati ons using these standard waveforns offer sone
assurance that the TVSS can function adequately as a surge
suppressor in the selected electrical environment. UL 1449
contains several performance tests, all based on the | EEE C62. 41
standard waveforns, which can be used as performance eval uati ons.

UL 1449 states that a TVSS shall be plainly and permanently
marked with the nanme of the manufacturer, a distinctive catal og
nunber, the electrical rating, suppressed voltage ratings, the
date of manufacture, and the word ATransi ent Vol tage Surge

Suppressor{ or ATVSS].

The nost inportant considerations in the selection of a TVSS unit
are the rated nomnal line voltage, the surge current capability
and the clanping voltage. These three specifications are
avai l able fromthe UL 1449 rating.



The UL 1449 electrical rating includes nom nal operating voltage
and maxi mum current (for a series TVSS unit).

Suppressed voltage ratings are listed for each protected

conbi nation of leads or termnals (e.g. L-L, L-N, L-G NG.
The suppressed voltage rating is assigned based on the neasured
limting voltage (clanping voltage).

However, a UL 1449 rating does not guarantee superior
performance. Additional information is necessary to fully
eval uate TVSS performance.

Anot her consideration in evaluating performance ratings is that
these ratings are made with a few typical units. Because of

t ol erance on conponents, which could be as high as 10% act ual
performance may differ

FACI LI TY EXTERI OR AND SERVI CE ENTRANCE TVSS
Crcuit Description

A TVSS unit for | EEE C62.41 Category C use, building exterior and
service entrance, will be parallel connected and will contain
MOVs as the prinmary surge suppression conponent. Hi gh energy

MOVs (disc size 40 mm) are certain to handl e the peak pul se
currents possible at these |ocations, and therefore |ast |onger.

(MOV deterioration is manifested in a rise in both clanping
vol t age and | eakage current.)

Silicon carbide varistors should not be used as the sole
suppression conponent if sensitive electrical or electronic |oads
are being protected. Practical use in |ow voltage applications
results in arelatively high let-through voltage, therefore they

nmust be followed with a Atight@ V-1 characteristic device, such
as an M.

Di agnostic indicators, such as LEDs, which show suppressor
condition are recormmended. As a mninmum a good or failed MW
condition should be indicated. Mre sophisticated units nonitor
MOV deterioration and count surges. Redundant protectors provide
conti nuous protection if one should fail. Plug-in nodul es nmake
replacenent of a failed suppression conponent easy.

Nom nal Line Vol tage

The rated nom nal line voltage of the TVSS unit nust be equal to
or greater than the systemline voltages for the protected nodes
(e.g. L-L and L-N). This information is available fromthe UL
| abel and the manufacturer.

Maxi mum Cont i nuous Line Current

This rating applies to TVSS units which are installed in series



with the line and/or neutral conductors. Since exterior and
service entrance units will be parallel connected this rating is
not relevant.

Maxi mum Cont i nuous Operating Voltage

The maxi mum conti nuous operating vol tage nust be at | east 10%
above the nomnal line voltage. A UL 1449 rating assures that
the unit can operate at 110% of the nomnal line voltage. |If
conti nuous operation at voltages grater than 110% of the nom nal
line voltage is required then it is necessary to check the

manuf act urer=s specifications.
Connecti on Means

For safety and reliability, TVSS units installed at the building
service entrance and exterior |ocations nust be directly
connected (hard-wired). There are only two connection options
avail able; the unit can have its own |leads or termnal |ugs can
be provided. Since the inductance of the |eads affects TVSS
performance, their length nmust be mnimzed. UL 1449 perfornmance
tests are conducted using 15 cm (6 in) |leads, therefore | ead

| ength should not exceed 15 cm (6 in) for UL rated perfornance.

Protecti on Mddes

For a grounded wye configuration, protection nodes nust i nclude
L-N (three cases), and L-L (three cases). N G protection is not
necessary if the neutral and ground are solidly connected at the
TVSS | ocation, such as at the service entrance or neter. |If,
however, the neutral and ground are not solidly connected, such
as at the service entrance of an outbuilding, then N-G protection
nmust be i ncl uded.

L- G protection should be avoi ded because it is not advisable to
dunp a | arge anount of current to the ground conductor. Since
ground is used as a reference by other systens the |arge voltage

drop that can devel op across the conductor (due to 0) can

cause problens with other systenms. Systens normally considered

safe may even be affected if grounds are not properly

i nterconnected. Therefore L-Nis the preferred protection node.
(I'f the ground is earthed at the TVSS |ocation then L-G
protection is perm ssible.)

Al so due to the 0 voltage, a large voltage difference may
devel op between the neutral and ground. To reduce this voltage
difference N-G protection is recommended. The performance
ratings for the NNG protection circuit should be the same as
those for L-N protection. (O course, if the neutral and ground
are solidly connected at the TVSS | ocation, then a N-G suppressor
is val uel ess.)



For a center-tapped delta configuration, protection nodes nust
include L-N (two cases), and L-L (three cases). It is not
necessary to include N-G protection if the neutral and ground are
solidly connect ed.

For a corner-grounded delta configuration, if one |l eg of the
delta is solidly grounded, only L-L protection (three cases) is
necessary, otherwi se L-G protection (three cases) is recommended
in addition to L-L.

For an ungrounded delta, an ungrounded wye, or a resistance
grounded wye configuration, L-L protection (three cases) and L-G
(three cases) are required.

For a singl e-phase grounded neutral configuration L-L (one case
ina 3 wre system and L-N (1 case in 2 wre systens and 2 cases
in 3 wire systens) nust be provided. N G protection is not
necessary if the neutral is solidly grounded.

Maxi mum Sur ge Current

The maxi num surge current rating nust be greater than the peak
current for the | EEE C62.41 surge environnment. A UL 1449 rating
assures that the TVSS unit can handle a 10 kA surge, the nost
severe of the recommended environnents.

The maxi mum surge current rating can al so be used as a
qualitative neasure of TVSS lifetine. Since nost surge
suppressi on conponents deteriorate with use, the additional surge
current rating of the TVSS, as conpared to the peak current of
the rel evant | EEE C62. 41 surge environnment, provides an
indication of increased lifetinme. |In practice, surge suppressors
shoul d experience smaller surges than their ratings and so should
have a longer life.

I nformation on maxi mum surge current capability from UL 1449
performance tests is mnimal. For permanently connected TVSS
units, a UL 1449 rating guarantees withstanding only two 10 kA
surges, which says little about unit lifetine. Therefore

addi tional information nust be obtained fromthe manufacturer. A
maxi mum surge current value greater than the rating for the

rel evant | EEE surge environnent should indicate increased
lifetime. |EEE standard wavefornms nust have been used in the
tests so that conparisons can be made between devi ces and

per formance can be evaluated for relevant |ocation categories and
envi ronnents. Maxi num surge current, not energy or power, nust
be used to make this conparison

Cl anpi ng Vol tage during Maxi num Surge Current
Since the clanping vol tage of surge suppressors is current

dependent, and increases with increasing current, the maxi num
cl anping voltage of the TVSS will occur with the application of



t he maxi num surge current. This clanping voltage rating is not
avai l able fromthe UL 1449 performance tests, it nust be obtained
fromthe manufacturer. |EEE standard waveforns nust have been
used in the tests so that conpari sons can be nmade between devi ces
and performance can be evaluated for relevant |ocation categories
and environnents.

Cl anmpi ng Vol t age

The UL 1449 suppressed voltage rating presents only a qualitative
eval uation of the TVSS cl anping voltage. First, the UL 1449
suppressed voltage rating is based on limting voltage
measurenents with a 500 Anp peak current, and second; UL 1449
assigns a suppressed voltage rating to a range of limting
vol t ages.

The 500 Anp peak test current specified by UL 1449 may be
exceeded in actual service. |EEE C62.41, which is based on
actual building environnents, recomends a m ni num peak val ue of
3,000 Anmps for | ow exposure levels in Category C. Because

vari stor clanping voltage is dependent on current, the TVSS

unit=s actual in-service clanping voltage will nost |ikely be
greater than that nmeasured at 500 Anps. Fortunately, in

assi gning the suppressed voltage rating, UL 1449 rounds up,
providing a small allowance for the increased cl anping voltage at
hi gher peak currents. However, since the rating is assigned by
ranges, not percentages, a neasured limting voltage near the
upper end of the range will not have as great an all owance as one
near the |ower end of the range. Quantitative eval uations nust
not be made when using UL 1449 suppressed voltage ratings,

manuf acturer=s test specifications nmust be consulted. Be sure
| EEE st andard waveforns were used for the tests so that reliable
interpretations are possible.

UL 1449 uses a 10 kA maxi mum value for testing TVSS surge
current, which is in agreenment with the | EEE C62. 41 recommended
maxi mum  However, at building exterior |ocations, C62.41
recommends a maxi num surge vol tage of 20 kV, while UL 1449 uses
only 6 kV. Based on nom nal electrical system conductor
spacings, 6 kV is the | EEE C62. 41 recomended maxi mum f or
interior applications. Due to the greater conductor spacings
exterior to the building, voltages up to 20 kV can exi st.
Therefore, in | EEE C62.41 Category C applications, sparkover
within a UL 1449 rated TVSS may be a possibility due to the
[imted UL 1449 test voltage One should check with the

manuf acturer if voltage breakdown within the TVSS unit due to
surge voltages greater than 6 kV is a concern.

Because of the tol erance on conponents, which could be as high as
10% actual TVSS cl amping performance may differ. Therefore, the
cl anpi ng vol tage shoul d not be specified as exactly 110% of

nom nal line voltage. 125% of nom nal is recomended.



FACI LI TY I NTERI OR TVSS
Crcuit Description

A TVSS unit for the facility interior, Categories B and A in | EEE
C62.41, may be either parallel or series connected. |nexpensive
units wll contain just MOVs. Hybrids wll contain MOVs as the
primary surge suppression conmponent w th sem conductor devices as
t he secondary suppressi on conponent.

A TVSS unit for Category B use (subpanels and step-down
transfornmers within the facility) should be treated as a service
entrance TVSS unit, with the exception that instead of high

energy MOVs they can use nedi um energy devices (20 mm di sc
size < 40 mm. Silicon carbide varistors nust not be used at this
| ocati on.

For reliability, a TVSS unit for Category A use (at outlets
within the facility) should contain sem conductor surge
suppressors. |If they are used as the primary suppression
conponent then they should be a high energy device such as a

TransZorb7. A |l ower energy device, such as a diode, can be used
as a secondary suppression conponent if MOVWs are the primary
suppression conponent. In this application, MVWs can be of the

| ow energy (10 mm disc size < 20 nmm) type. Silicon carbide
varistors nmust not be used at this |ocation.

Di agnostic indicators, such as LEDs, which show suppressor
condition are recormmended. As a mninmum a good or failed MW
condition should be indicated. WMre sophisticated units nonitor
MOV deterioration and count surges. Redundant protectors provide
conti nuous protection if one should fail. Plug-in nodul es nmake
replacenent of a failed suppression conponent easy.

Series devices nust have overcurrent protection.

Nom nal Line Vol tage

The rated nom nal line voltage of the TVSS unit nust be equal
or greater than the voltages for the protected nodes (e.g. L
and L-N). This information is available fromthe UL | abel an
t he manuf acturer.

to
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Maxi nrum Cont i nuous Line Current

This rating applies to units which are installed in series with

the line and/or neutral conductors. These units should only be

used in Category A. The load on the circuit nmust not exceed the
rating on the TVSS.

If the TVSS does not have an internal fuse or circuit breaker
then an external one nust be provided which does not exceed the



current rating of the TVSS.
Maxi mum Cont i nuous Operating Voltage

The maxi mum conti nuous operating vol tage nust be at | east 10%
above the nomnal line voltage. A UL 1449 rating assures that
the unit can operate at 110% of the nomnal line voltage. |If
conti nuous operation at voltages grater than 110% of the nom nal
line voltage is required then it is necessary to check the

manuf act urer=s specifications.
Connecti on Means

Category B units, for installation at subpanels and step-down
transforners within the facility, nmust be treated as service
entrance TVSS. These TVSS units nust be directly connected
(hard-w red).

Cord connected and direct plug-in TVSS units (Category A) are
pre-wired with either a polarized plug or integral blades for
attaching to an electrical outlet, typically 120 Volts. For
proper TVSS operation polarity nust be maintained. |f the TVSS
unit is plugged into an extension cord, the cord nust be grounded
and have conductors of sufficient size to handle the TVSS rated
current load; a mninmumsize of 14 AWG for 15 Anp units and 12
AWG for 20 Anp units.

Protecti on Mddes

Protection nodes for category B units (ones installed at
subpanel s and step-down transforners) are determ ned as for
service entrance TVSS units, with the exception that NG
protection is now required since the neutral and ground are not
solidly connect ed.

L- G protection should be avoi ded because it is not advisable to
dunp a | arge anount of current to the ground conductor. L-N
protection is preferred over L-G

NG protection is recomended to reduce the voltage difference
whi ch may devel op between the neutral and ground during a surge.
The performance ratings for the NNG protection circuit should be
the sane as those for L-N protection.

Category A units (cord connected and direct plug-in) nust have L-
N and N-G protection. L-G protection is to be avoided.

Maxi mum Sur ge Current

The maxi num surge current rating nust be greater than the peak
current for the | EEE C62. 41 surge environnment. A UL 1449 rating
assures that the TVSS unit can handle a 10 kA surge, the nost
severe of all recommended environnents.



The maxi num surge current rating can al so be used as a
qualitative neasure of TVSS lifetine. Since nost surge
suppressi on conponents deteriorate with use, the additional surge
current rating of the TVSS, as conpared to the peak current of
the rel evant | EEE C62. 41 surge environment, provides an
indication of increased lifetinme. |In practice, surge suppression
conponent s shoul d experience smaller surges than their ratings
and so should have a |l onger life.

I nformation on maxi num surge current capability from UL 1449
performance tests is mnimal. For permanently connected TVSS
units (category B), a UL 1449 rating guarantees w thstanding only
two 10 kA surges, which says little about unit lifetine.
Therefore additional information nust be obtained fromthe

manuf acturer. A maxi mum surge current val ue greater than the
rating for the rel evant | EEE surge environnent should indicate
increased lifetine. |EEE standard waveforns nust have been used
in the tests so that conparisons can be nade between devices and
per formance can be evaluated for relevant |ocation categories and
envi ronnents. Maxi num surge current, not energy or power, nmnust
be used to make this conparison

For categories B and A, | EEE C62.41 recomends a 100 kHz Ri ng
Wave performance test, which is not used by UL 1449. This test
can supply additional information concerning nultiple triggering
of the TVSS, because of the periodicity of this waveform An

i ndependent testing agency or the manufacturer should be
contacted for this information.

Cl anpi ng Vol tage during Maxi num Surge Current

Since the clanping vol tage of surge suppressors is current
dependent, and increases with increasing current, the maxi num

cl anping voltage of the TVSS will occur with the application of

t he maxi num surge current This clanping voltage rating i s not
avai l able fromthe UL 1449 performance tests, it nust be obtained
fromthe manufacturer. |EEE standard waveforns nust have been
used in the tests so that conpari sons can be nade between devi ces
and performance can be evaluated for relevant |ocation categories
and environnents.

For facility interior TVSS units, |EEE C62.41 recommends a 100
kHz Ri ng Wave performance test, in addition to the pul se
waveforms. This test can supply additional information
concerning nultiple triggering of the TVSS, because of the
periodicity of this waveform An independent testing agency or
t he manufacturer should be contacted for this information.

Cl ampi ng Vol t age

The concern that the UL 1449 suppressed voltage rating presents
only a qualitative evaluation of the TVSS cl anping voltage is



also true for facility interior TVSS units. (In the case of an
interior TVSS, |EEE C62.41 reconmends a m ni mum peak test val ue
of 1,000 Anps, this for | ow exposure level in Category B, while
UL 1449 tests at 500 Anps peak.) Therefore only qualitative
eval uations can be nade when using UL 1449 suppressed voltage

ratings. For quantitative conparisons, manufacturer:s test
specifications nust be consulted. Make sure | EEE standard
wavefornms were used for the tests so that reliable conparisons
are possible.

| EEE C62.41 recommends only the 100 kHz Ri ng Wave test for
Category A, not the Conbi nati on Wave, which UL 1449 uses.

Al t hough these waveforns are not equivalent, a UL 1449 rating
using only the Conbi nati on Wave gives sone | evel of confidence
that the TVSS can performas a TVSS. Additional information on
TVSS performance to a ring wave should be obtained. In striving
to pass the UL 1449 test, a manufacturer may be forced to use a
hi gher energy suppression conponent, wth | ess accurate clanping
vol tage performance, in order to pass the extrene 10 kA test.

Thus degrading the TVSS unit=s performance in the category A

envi ronment, where a 200 Anp peak Ring Wave is the severest

pul se. An independent testing agency or the manufacturer should
be contacted for this information.

A cl anpi ng vol tage of 125% of nom nal |ine voltage is recommended
due to the tol erance on conponents, which could be as high as
10%

WAVESHAPE TRACKI NG AND ENVELOPE CLAMPI NG

I n envel ope cl anpi ng the maxi mum val ue of the instantaneous
voltage is limted to a fixed value, providing an envel ope of
prot ection.

Waveshape tracking follows the waveshape using a sort of noving
envel ope of protection. It attenpts to limt the voltage
excursion to a fixed value, in contrast to sinply limting the
voltage to a fixed value. For exanple if a positive inpulse were
to occur at the voltage m nimumthe waveshape tracki ng device
woul d trigger before the envel ope tracking device, further
l[imting the voltage excursion.

RESPONSE T ME

The response tine (or turn-on tinme) listed in nost manufacturer:s
specifications is not an inportant consideration in TVSS
selection. The fastest rise time for an | EEE C62. 41 standard

waveformis 0.5 s (or 500 ns). This tinme is nore than 10 tinmes
slower than the turn-on tinme for a typical suppression conponent.
Conpared to 500 ns there is no significant difference between a
10 ns, 5 ns, 1 ns or instantaneous response tine. |If the device
was tested using any of the | EEE C62. 41 standard waveforns, and



performed well, then actual response tinme is inmmterial.
ENERGY AND POVER

| f energy and power ratings are not interpreted correctly they

can be very msleading. Power is voltage tines current, 0,
and is given in Watts. Energy is the integral of power over

tinme, 0, and is given in Joul es.

Device failure is directly related to energy absorption. Energy
ratings can be easily cal culated for individual suppressor
conponents, but not for conplex TVSS units. Additionally there
are no standard guidelines on how to determ ne ratings. For
exanpl e, does one sinply add up the energy capabilities of al

t he conponents? But not every conponent will be absorbing energy
at the same tine (e.g. L-L and L-N surges will trigger different
devi ces).

Because of the anbiguity in determ ning energy and power ratings,
t hese specifications should not be used in evaluating TVSS
per f or mance.

OTHER CONS| DERATI ONS
| NSTALLATI ON

Installation of hard-wired TVSS units can generally be done with
termnals, either plug-in or screwtype. |If a screwtermnal is
unavail abl e, connections to ground can typically be acconplished
using sel f-tapping screws and | ock washers. TVSS | ead | engths
must be kept to a minimum The size of any necessary connecting
wires is sonewhat installation dependent, but can be 12 gauge
copper in nost cases. Gound nust be verified to insure that it
is truly connected to the building electrical power ground.

Cord connected and direct plug-in TVSS units are pre-wired with
either a polarized plug or integral blades for attaching to an
electrical outlet, typically 120 Volts. Polarity nust be

mai nt ai ned. The outlet should be checked to verify that I|ine,
neutral, and ground are each present, and on the proper
termnals. |If the TVSS unit is plugged into an extension cord,
the cord nmust be grounded and have conductors of sufficient size
to handle the TVSS rated current |oad; a m ninmum size of 14 AWG
for 15 Anp units and 12 AWG for 20 Anp units.

In consideration of a TVSS failure, it should be installed in a
fail -safe manner, which also provides indication upon failure.
The TVSS nust be installed on the | oad side of a protective
device, such as a circuit breaker or fuse, so that the protective
device wll trip if the TVSS fails short. The blown fuse or
tripped breaker will provide indication of the failure. Note



that UL 1449 approval for surge suppressors does not apply to
devices that are installed on the line side of the facility main
br eaker .

Proper grounding of the facilityss subsystens (e.g. electrical,

t el ecomuni cations, lightning) is as inportant for preventing
damage to electrical and el ectronic devices as the TVSS unit.
Exterior grounds are used on commercial power distribution
systens for |lightning protection and preventing shock hazards at
the point of entry into a facility. The exterior ground may be
isolated fromor extend to the facility, depending upon the type
of power system Facility interior grounds prevent shock
hazards, provide signal referencing, reduce transient currents on
i nternal power distribution, and protect |ife support systens and
equi pnent used for internal signal distribution.

Bonding is the process of ensuring that electrical connections
bet ween conponents of a groundi ng system have very | ow i npedance
(on the order of mlliohnms). Direct connection of conponents

W thout the use of straps or wires is preferable. Cean netal-
to-nmetal contact between conponents is required, and nay be

achi eved by order of preference; welding, soldering, bolting, and
riveting. Welding and soldering require little or no mai ntenance
but reduce the portability of system conponents. (Sol dering
shoul d not be used on connections where direct |ightning stroke
currents are possible; the large currents can nelt the sol der and
break the connection.)

M L- HDBK-419* i s an excellent reference for grounding and bondi ng
i nformation.

SUPPRESSOR COORDI NATI ON

The concept of coordination of TVSS units is based on the
application of a unit at each of the three facility | ocations or
categories of | EEE C62.41. A device with high energy handling
capability is installed at the service entrance. It is expected
to divert nost of the surge current at that point. The second
device, which is installed down line wthin the prem ses, can
then have a | ower energy handling capability. The benefit from
this approach is that it allows a single device at the service
entrance to performthe high-energy duty, and relies on smaller
devices to perform |l ocal suppression. This prevents the flow of
| arge surge currents in the branch circuits of the installation.

Sonme electrical utilities recomend a service entrance suppressor
that is capable of withstanding the 240 Volts overvol tage that
can occur on the 120 Volts branches when the neutral is lost. |If
| ow vol tage suppressors are used down stream this may result in
a situation in which the | ow voltage suppressor acts first, in
nost cases an undesirable situation.

The facility shoul d be considered as a whol e when sel ecting TVSS



units. | EEE C62.41 outlines a scheme for dividing the facility
into sections which can then be addressed i ndependently.

CONCLUSI ON

By considering the location in the facility of a TVSS unit, the
probabl e transi ent environnment, and evaluating TVSS ratings based
on published standards, a TVSS unit can be selected with
reasonabl e confidence that it will perform acceptably.

For a detailed and theoretical treat rrent of the subject of
transi ent surge suppression, Standler® is an excellent reference.
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